Background: Platelet shape change is a dynamic process that has been classified in different types. Exact documentation of platelet structure needs an improved method of measuring platelet shape. Methods: 10 μl of platelet-rich plasma (PRP) from anticoagulated whole blood (3.2% buffered sodium citrate 0.105 mol/l) was put onto a glass slide covered with a cover slip. By use a of dark field light microscope connected with a CMOSCamera a photographic snap-shot was taken after 5 and 30 min. Diameter of platelets and length of filopodia were measured with a self-developed plugin for ImageJ software. Statistic calculation was performed with Excel WinSTAT Microsoft software. Results: We showed a swelling of the granulomer from 2.06 ± 0.56 μm to 2.33 ± 0.59 μm (p < 0.05), a reduction of pseudopodia (2.10 ± 0.94 vs. 1.78 ± 1.04 μm; p < 0.05) in conjunction with an increase of hyalomer diameter from 3.29 ± 0.83 to 3.50 ± 0.85 μm (p < 0.05), and an increase of pseudopodia length from 2.68 ± 1.45 μm to 3.67 ± 1.79 μm (p < 0.005) in conjunction with an increase of hyalomer diameter from 6.58 ± 1.91 μm to 7.94 ± 1.87 μm (p < 0.05). Conclusion: We revealed and documented a dynamic change of platelet size and filopodia structure in PRP. This method allows an exact analysis of platelet size and surface structures.
Summary
Background: Platelet shape change is a dynamic process that has been classified in different types. Exact documentation of platelet structure needs an improved method of measuring platelet shape. Methods: 10 μl of platelet-rich plasma (PRP) from anticoagulated whole blood (3.2% buffered sodium citrate 0.105 mol/l) was put onto a glass slide covered with a cover slip. By use a of dark field light microscope connected with a CMOSCamera a photographic snap-shot was taken after 5 and 30 min. Diameter of platelets and length of filopodia were measured with a self-developed plugin for ImageJ software. Statistic calculation was performed with Excel WinSTAT Microsoft software. Results: We showed a swelling of the granulomer from 2.06 ± 0.56 μm to 2.33 ± 0.59 μm (p < 0.05), a reduction of pseudopodia (2.10 ± 0.94 vs. 1.78 ± 1.04 μm; p < 0.05) in conjunction with an increase of hyalomer diameter from 3.29 ± 0.83 to 3.50 ± 0.85 μm (p < 0.05), and an increase of pseudopodia length from 2.68 ± 1.45 μm to 3.67 ± 1.79 μm (p < 0.005) in conjunction with an increase of hyalomer diameter from 6.58 ± 1.91 μm to 7.94 ± 1.87 μm (p < 0.05). Conclusion: We revealed and documented a dynamic change of platelet size and filopodia structure in PRP. This method allows an exact analysis of platelet size and surface structures. Königshofen, Germany). The drop of citrated PRP was covered with a cover slip (20 × 24 mm, thickness: 0.13 mm; Gerhard Menzel Glasbearbeitungswerk GmbH & Co. KG, Braunschweig, Germany) which was lowered slowly and carefully onto the drop of PRP to complete dispersion of the PRP between glass slide and the cover slip.
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Microscopic Analysis
A dark field microscope was used (Laborlux; Wild Leitz GmbH, Wetzlar, Germany) to show the surface of the platelets. The light strength was 100 W (halogen lamp, HLWS 5-A, 12 V, 100 W; Narva, Plauen, Germany). A dark field condenser (D. 1.19-1.44 OEL S11; Leitz, Wetzlar, Germany) and an objective with 100-fold enlargement (*160/0.17, PL Fluotar 100/1.32-0.60 OIL; Leitz, Wetzlar, Germany) were used. The microscope was mounted vibration-free. For the measuring and recording of the platelet shape, digital imaging was used. A CMOS-camera (Leica DFC 295; Leica Microsystems Ltd., Heerbrugg, Switzerland) was connected via a universal C-mount adapter to the microscope. The focus was set to the middle of the specimen.
Image Processing
Images were saved as tagged image file format. Consecutive images were imported as an image stack to ImageJ software (NIH ImageJ, Version 1.42-l). Image analysis and tracking of platelets was performed using a self-developed macro written in the ImageJ macro language and an associated self-developed plugin for ImageJ written in Java (JDK 7; Sun Microsystems GmbH, Berlin, Germany). After global scaling, platelet diameters were marked as region of interest (ROI) using straight line and segmented line selection tool. Figure 1 shows the parameters of platelet shape, which have been marked as ROI: longest diameter of platelet granulomer (1), longitudinal extension of platelet pseudopodia (2) , and longest diameter of hyalomer (3). For one platelet in sample 4, basal (5) and apical (6) lateral extension of pseudopodia have been marked. Each assigned ROI was categorized as mentioned above using keyboard shortcuts provided by the macro. ROI length and category were associated with the number of the currently analyzed platelet. Time since preparation was automatically calculated from the image creation date utilizing the loci bioformats java library (LOCI; Biophotonics Research Laboratory, University of Wisconsin-Madison, USA). ROI-coordinates, length value, category, time since preparation, slice number, and image creation date were automatically saved as comma-separated values for further processing in a database system. For printed publication, images were converted to negative using Irfan View software Version 4.00.
Introduction
Blood platelets respond to many stimuli by changing shape from their resting, normal discoid form into more rounded structures possessing blebs and pseudopodia [1] . These morphological changes have been visualized using light-and electron microscopic techniques and are generally referred to as the platelet shape change (PSC) reaction. PSC follows a reproducible temporal sequence [2] and is a time- [3] , temperature- [4] , and ph-dependent [5] process mediated by calcium-dependent and calcium-independent signaling pathways [6] . The underlying processes of PSC are based on the gelsolin and ADF/cofilin enhanced rapid remodeling of actincytoskeleton [7] .
If platelet rich plasma (PRP) from anticoagulated whole blood is put on a glass slide, platelets settle to the bottom and PSC is triggered by the contact to the glass surface [3] . The quantification of PSC is difficult, as platelets settle with different velocities [8] and the shape change reaction can be partly reversed [3, [8] [9] or stopped [8] at any time. Non-fixed platelets are highly sensitive to a variety of influencing variables, for instance temperature [4] , vibrancy, and light [3] .
In 1976, Breddin [10] showed the time-dependent activation of platelets by the calculation of the percentage of pseudopodia-carrying cells. In the 1980s, Rosenstein [8] and Allen [3] categorized platelets into different morphological classes: an initial discoid stage one, a spheroidal stage two, an early spheroidal stage with few, short pseudopods present (stage three), a late pseudopodial stage with more numerous, longer pseudopods (stage four), a stage of fluctuation of the hyaline cytoplasma from the central region connecting the pseudopodia (stage five), a 'fried egg' stage with a central granule-containing hillock, the granulomer (stage six), and a final pancake configuration (stage seven) [8] . In 2000, Cenni et al. [11] quantified PSC of fixed and stained platelets based on spread area and distinguished between fully spread, round, and dendritic platelets.
According to platelet cytoskeleton research, we think that PSC should be described more detailed. We propose a set of diameters to describe the shape change reaction of living, non-fixated platelets in view of a computer-based automation of measurement and classification process.
Material and Methods
2 ml of citrated blood samples from 4 healthy volunteers were collected by venipuncture of the cubital vein by use of a 21-gauge needle (Sterican; B. Braun Melsungen AG, Melsungen, Germany). The blood was drained into a Seditainer collection tube (Becton Dickinson, Plymouth, UK) which was filled with a 3.2% buffered sodium citrate 0.105 mol/l solution. The anticoagulated blood was not centrifuged but it was stored for 2 h in an upright position at room temperature (22 °C). After sedimentation of the buffy coat, the PRP was removed with a 20-gauge needle (Sterican; B. Braun Melsungen AG, Melsungen, Germany) and a small drop (10 μl) was put on a glass slide (Paul Marienfeld GmbH & Co. KG, Lauda- Kraus/Strasser/Eckstein nificantly from 2.68 ± 1.45 μm to 3.67 ± 1.79 μm (p < 0.005), and the hyalomer diameter increased from 6.58 ± 1.91 μm to 7.94 ± 1.87 μm (p < 0.05). Figure 3 shows the assigned regions of interest.
One platelet of sample 4 has been followed in more detail for the first 9 min after preparation ( fig. 4, 5) . The initial swelling of the granulomer from 2.03 to 2.88 μm in min 1 is followed by a decrease of granulomer diameter to a minimum of 1.75 μm at min 8. Hyalomer spreading begins at min 2 (3.47 μm) and is increasing to a maximum of 6.71 μm at min 8. At min 2, also the formation of three pseudopods starts with a mean diameter of 1.51 ± 0.37 μm and increases undulating to a maximum of 2.76 ± 0.18 μm after 9 min. Pseudopodia formation starts with a wide lateral basis that quickly narrows to 0.49 ± 0.10 μm after 5 min. Apical lateral extension of the pseudopodia remains almost constant at about 0.28 μm.
Discussion
The data described above may give an idea of the variety of PSC reactions which could be observed in living, non-fixated platelets 30 min after preparation on a glass slide. While sam-
Results
In four sample preparations we describe a new method to measure and quantify the platelet structure and its shape change. After preparation, platelets were allowed to settle for 30 min in order to get glass contact and therefore be activated. A digital image from the same region of the specimen was taken at 5 min and 30 min after preparation and was analyzed. 441 platelets and 585 pseudopodia were counted out, 290 platelets showed the extension of a hyalomer.
As diagrammed in figure 2 , granulomers showed a significant swelling from 2.06 ± 0.56 μm to 2.33 ± 0.59 μm (p < 0.05) in sample 1. Otherwise, pseudopodia (2.32 ± 0.94 vs. 2.24 ± 0.99 μm) and hyalomer (4.49 ± 1.19 vs. 4.89 ± 1.66 μm) did not show any significant change. In sample 2, hyalomer and granulomer did not change significantly although the length of pseudopodia was reduced significantly from 4.71 ± 1.78 μm to 3.61 ± 1.68 μm (p < 0.05). In sample 3, granulomer diameter did not change significantly but pseudopodia became significantly shorter (2.10 ± 0.94 vs. 1.78 ± 1.04 μm) and hyalomer diameter increased significantly from 3.29 ± 0.83 to 3.50 ± 0.85 μm (p < 0.05). In sample 4, the granulomer did not change significantly while pseudopodia length increased highly sig- We showed that the versatile shapes of living, non-fixated platelets can be quantified, diagrammed, and statistically analyzed by means of the measurement of clearly distinct diameters.
Conclusion
Dark field light microscopy shows an excellent contrast of platelet surface structures. By use of the ImageJ software for measuring platelet structure during shape change, we revealed and documented a dynamic change of platelet size and filopodia structure in PRP. The dynamic of shape change of living, non-fixated platelets upon activation on glass can be quantified, diagrammed, and statistically analyzed by the computerbased measurement of clearly distinct parameters. The proposed diameters could be used to measure and describe the stage of platelet activation more exactly. For the assignment of different stages of activation by measuring distinct diameters of the described parameters of platelet structure further studies are necessary, particularly by utilizing defined stimulating or inhibiting substances for platelet activation. This new standardized method allows an exact analysis of platelet size and surface structures which may be of further interest for different research subjects (i.e. platelet drug testing, platelet disorders).
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The authors declared no conflict of interest. ple 1 shows the sole swelling of the granulomer and sample 2 shows the sole retraction of pseudopodia, sample 3 shows spreading of the hyalomer in conjunction with a retraction of pseudopodia, and sample 4 shows a spreading of the hyalomer in conjunction with the extension of pseudopodia. These results are consistent with the observations of other researchers: In 1979, Allen [3] diagrammed the extension and retraction of four pseudopodia of the same platelet and compared the extension and retraction of hyalomers and pseudopodia to the shroud-like pseudopodia of certain free-living amoebae [3] . In 1981, Rosenstein [8] also mentioned the extension and retraction of pseudopodia, and he explicitly pointed out that the spreading process of platelets may stop at any time and could even be partly reversed. Rosenstein found a time-dependent shift of the above cited morphological classes with a decrease in stages 3-5 and an increase in stages 6 and 7 [8] . As we did not use any of the established agents for controlled plateletactivation, such as ADP or collagen, we cannot explicitly assign the measured data to a specific stage of platelet activation.
The more detailed analysis of the one platelet of sample 4 can elucidate the possibilities of the presented method. On the one hand, it is now possible to quantify and visualize the dynamic morphological reactions during shape change. On the other hand, derived parameters, e.g. for velocity of pseudopod extension or hyalomer spreading, could be calculated. Linked to the results of platelet cytoskeleton research, our method could contribute to a better understanding of the rapid remodeling of the cytoskeleton in motile non-muscle cells.
